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The objective of this study was to collect, under controlled ccnditions simu-

lating space travel, microbiological data from 13 body areas of 20 subjects and

their specialized environment. These data were evaluated to establish biomedical

criteria for personal hygiene and sanitation for aerospace missions, and to suggest

possible indices of the deterioration of environmental conditions. Data derived in

the study provided information on microbial dynamics, the effects of confinement

stress on the microbiological populations of individuals, and information on bac-

terial levels in the closed environment. The study strengthened the evidence that,

in general, man can go without bathing for 6 weeks without significant deterioration

of the dermis. It pointed out the importance oi sampling the groin and glans penis

as "indicator" areas which quickly signal deterioration in hygienic standards. The

specific buildup of both corynebacteria and micrococcaceae species in almost all

sampled body sites wa. significant. Another objective of this program was to study

the effects of the various space-type diets on the fecal flora of the subjects. The

data revealed that although the obligately anaerobic character of the feces remained

unchanged, the types of anaerobes recovered differed markedly from those found to

be predominant in the 'normai" population. The shift in the types of anaerobic

bacteria is discussed from the viewpoints of vitamin production, lactic acid pro-

duction, and deaminating and decarboxylating activities.
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SECTION I

INT RODUCTION

The microflora indigenous to the human or found in his environu;ent plays

an important role in his health and well-being. This relationship becomes even

more important when the human is subjected to conditions associated with space

flight and exploration, not only because these conditions bring the space traveler

into close contact with the microflora in his environment, but also because

certain space conditions may alter the balance of these microorganisms. Per-

sonal hygiene is one important means of controlling the population of microorgan-

isms associated with man, and a thorough knowledge of the indigenous microflora,

both of the human and of his environment, in the space capsule is of prime impor-

tance in establishing biomedical criteria for personal hygiene and sanitation during

space travel.

Many areas of the indigenous flora of the healthy adult male are poorly

defined, and the complex interaction between members of this flora and their

position in the total economy of the man is poorly understood. In order to define

the effects of space simulation on this flora, baseline data were considered essen-

tial. To obtain these data, 14 body areas of 20 men were cultured to determine

their microbiological flora. The culturing technique was designed to recover the

maximum numbers of differing oranisms and to assess the temporary predomi-

nance of any partie-'iar group. Numbers were assigned to the relative frequency

of varying groups of microorganisms in an effort to determine any gross change

in the total predominants as a result of the conditions of the experiment. This

numerical treatment of a biological system is not used as an attempt to quantify

the microbial population, but as a guideline to indicate any shifts which may occur

in any particular population of any body area at a particular sampling period.

A wide variety of culturing media was employed in an effort to isolate many

microorganisms which could not be successfully cultured when a limited number

of media were employed. Much of the work carried on by various researchers

has dealt with the pathogenic or pseudopathogenic members of the flora, and less

emphasis has been placed on the normaUy occurring nonpathogenic types.
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The indigenous microflora of the human body maintains elements of an

orderly pattern that is not dictated by chance, but seems to depend on an inter-

action between the host and the microflora itself. Although there ten-is to be an

indigenous flora common to the human body, this microflora varius from one area

of the body to another and may also show minor shifts, depending upon the activity

of the subject as well as upon the microorganisms present. A determination of the

microflora in the environment of the space traveler will allow an evaluation of the

extent to which the indigenous microorganisms of the human spread to his environ-

ment, particuk'-ly under conditions of space travel.

In this study of biomedical criteria for personal hygiene, it was difficult to

assess the effects of any change in the indigenous flora because the experiments

were of a limited duration and character. However, any buildup of microorganisms

on the body which greatly exceeded a baseline numerical analysis will be noted and

discussed.

Microorganisms are usually grown in noncontinuous culture media. Under

these conditions bacterial viability, growth rate, and metabolic activity are rapidly

altered by the accumulation of the metabolic end-products of the medium as well

as changes in the nutrient content, redox potential and pH of the medium. This

must be considered in any evaluation of in vitro results, since in the intestine

proper, a continuous flow culture exists.

Fecal cultures reflect those organisms present in the stool, and it is essen-

tial to consider that viable bacterial populations in the stool are not necessarily

completely representative of what is present in the intestine and that the enumer-

ation and characterization of these organisms depend on observations based on

their growth on artificial media. Since conditions within the intestine are recog-

nizably different, it is entirely possible for species present in the intestine in

small numbers to overgrow the predominant organisms unless proper culturing

techniques of dilution with appropriate media are instituted promptly.

The changes in the fecal flora will be discussed; however, the interpretation

of these changes will be suggested, rather than absolute, due to the limited time

span of the experiment. This is essential since, for example, it will be very

2
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difficult to assess the change in vitamin production or utilization by varying

members of the intestinal ecosystem. The effects of the interaction between the

host and biota and the differing groups of this biota may not be obvious as it will

be difficult to evaluate their positive or detrimental activity. In addition, many

of these effects may be difficult to recognize since they have never been clearly

defined. The relationship of the indigenous biota to the nutrition of the host under

normal conditions is considered to be a prime physiological factor in the ability

of the host to remain in nutrient balance. In addition, antibodies are formed by

the host against certain of the minority members of the indigenous flora, but

these a.,.. Zbodies are not strong enough to protect the host when large segments

of the flora are changed by the administration of antibiotics. Many recent studies

have indicated that a specific agent (which has not been isolated) is produced by

some member of the normal flora and is essential in maintaining the equilibrium

which is normally present (1 ) . A radical shift in the proportions of carbohydrate

to protein to fat will change the relative prevalence of the many members of the

flora. This is an unfavorable physiological state for the host since many groups

of organisms; i.e., enterococci and slow lactose fermentors of the Entero-

bacteriaceae group will rapidly become prevalent under the different dietary

regimens.

The number of lactobacilli are increased by feeding large quantities of

lactose. In addition, it is well documented that the feeding of diets high in meat

protein, gluten, or casein results in a decrease in bacteroides or a concommitant

increase in coliform organisms and enterococci. High butterfat content in the

diet seems to inhibit the growth of E. coli and Proteus vulgaris (2 ) .

Many animal studies have shown that the microbiota drastically influenced
(3)the rate of growth, utilization of nutrients, and resistance to infection Pnd stress

Other recent animal studies have shown that some types of microflora seem to

have undergone an evolutionary adaptation with their host and contributed to the

effective functioning of his gut 4 } . Other microorganisms seem to possess an

ability to produce infection and hence elicit a protective response in the host which

keeps them in check, unless the resistance of the host is lowered or the major

predominant microflora are eliminated by antibiotics. In addition, a third seg-

ment of the flora is that acquired accidently either by contact or through the diet.

3



This segment of the flora can be either pathogenic or harmless, dependent upon

the physiolo_'cal state of the host at the time of contact. Ti ... - em--'-

activities which have been defined: vitamin produfinn nr i-nnfam nthe

ability to synthesize biologically active substances such as amino acids, bile,

and the by-products of these microbial interactions are all important to the

physiological status of the host.

An association between the presence of proteins in the gut, intestinal bac-

teria, elevated blood ammonia levels, and hepatic coma is now widely accepted,

although the precise role of ammonia in hepatic coma is not defined. The impor-

tance of the colonic microorganisms in the pathogenesis of the portal system has

been emphasized by recent advances in the modes of treatment of colonic infec-

tion(5 ) . The ammonia production is dependent not only on the numbers and kinds

of organisms present, but also on the nature and quality of the nitrogeneous sub-

strate that reaches the bacteria in the lower intestine.

The current knowledge of enteric bacterial populations is being investigated

to delineate the normal variation in the quantity or quality of this enteric flora.

At the present time, the mechanism by which bacteria residing in the intestine

impair proliferation is not clear, and their activity seems to be greater than the

production of colicines or antibiotics would account for. It is necessary to con-

sider the competition for nutrients in the gut, since changes in the nutrients

offered to the "normal" flora result in a shift in the predominating flora. This

may be the result of the competition for fermentable nutrients in a relatively

reduced environment and is a result of microbial interaction.

Even less is known about the effect of those microorganisms indigenous to

the skin of man. The study of these microorganisms has mainly been directed

toward evaluating their presence in disease states, and little is known of the

protective or destructive mechanisms of this flora. For this reason, primary

emphasis has been placed on defining those groups of microorganisms indigenous

to the outer layers of the skin in areas which may be influenced by the mode of

personal hygiene employed. Changes in the relative predominance of these varied

groups of microorganisms will be noted and interpreted, as will the effects of

space suits, increased temperature, increased humidity, and the effect of con-

finement.
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This rese.rch program has Leen designed to oi~ain microbiological data
pertaining to the following areas- inIl, ear, yc, nose, bueal r gingiva area,

throat, axilla, unbilicus, forearm, groin, glans penis, anal fold, and toes, as

well as the feces. Each area must be considered separately, since there are

conditions peculiar to each site which will influence both the kinds and numbers

of bacteria occurring. In addition, there may be a certain interchange of micro-

organisms from one part of the body to another where their indigenous chartacter

may be questionable. Thus any one of the areas of the body may harbor not cnly

their own peculiar indigenous flora, but also "transient" flora which is primarily

considered to be characteristic of another area of the body.

The eye, ear, nose, and throat are located in rather ?lose proximity, but

each has a number of conditions peculiar to the individual areas which will influ-

ence the microflora. Two factors which influence the microbial flora of the eye

are an antiseptic secretion from the tear duct as well as the mechanical acticu of

the lids. in addition, the normal microflora of the eye produces antibiotics. The

ear secretes a waxy material which offers peculiar nutrients favorable to certain

bacteria such as members of mycobacteria and fungi. The nose presents certain

special conditions in the form of nasal secretions and protective hairs which help

to screen out prodigious numbers of microorganisms so that only a few of the up

to 14, 000 microorganisms that enter the nose each hour survive (6 ) . The biota of

the throat has had more recognition than most other parts of the body, but this

attention has been specialized according to the particular interest of the individual

worker to the detriment of definiDg the overall biota. The throat has certain

specialized areas, including the tonsilar crypts, which offer many locations for

harboring microorganisms and which present the anaerobes with a very favorable

condition for growth.

Although the skin covering the whole body has similar characteristics,

several areas present their own peculiar conditions. For example, the axillary

region contains many hair follicles and is also a region of maximum perspiration.

The umbilicus also harbors a rich microflora because it is recessed and has folds

and creases. The groin, because of the close apposition of skin areas, is particu-

larly subject to a breakdown of the primary layer of skin and ensuing local inflam-

mation and infection. Its locale is such that not only skin organisms but also those
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of fecal origin may be found. The anal fold is, of course, particularly subject to

contamination from the fecal organisms, and the numerous fissures (which may

be influenced by the amount of buik in the diet) otter an excellent habitat for the

microorganisms, including some of the obligate anaerobes which predominate in

the feces. Other specialized areas which must be considered are the scalp and

the toes. The numerous hair follicles on the scalp and the unique protection

afforded by the hair seem to favor fungal growth as well as certain other types of

bacteria. The moisture found between the toes offers ideal conditions for certain

types of fungi. An important area to consider is the glai, penis since the hygienic

measures possible in spacecraft, of necessity, are limited. Communal sharing of

sanitary facilities might easily lead to spread of infection. Among the skin areas

considered here. all were essentially protected sites, It is important to consider

an exposed area such as the forearm since environmental contamination could

most easily be demonstrated in such an area.

The intestinal tract presents entirely different conditions for bacterial

growth from any of the sites of the human body already discussed. The intestinal

tract is essentially an anaerobic area in which fragments of undigested food and

body secretions are accumulated. The microflora of the feces reflects these

specialized conditions and is predominantly anaerobic.

The indigenous microflora of the environment surrounding the subject also

will vary from site to site. Cer'tain types of microorgnisms will collect mcre

frequently in areas where dirt and dust accumulate, whet ,as other microorganisms

associated with the human body will tend to be found in the experimental areas of

heaviest human occupation. Some types of microflora such as fungi thrive in damp

situations, whereas many spore-forming microorganisms may survive in areas so

dry or hot that nonspore formers would be largely eliminated. These probable

differences in the microbial types were considered in the choice of the representative

areas of the environment which were sampled.

' ormal" variations in microbial populations must be determined prior to

any attempt to assess the importance of relative shifts in any segment of this popu-

lation. During a normal day, changes in the activities of the subjects will influence

the quantity of perspiration secreted, the pH of this fluid, and the temperature of

6



the body itsel. The elapsed time between hygienic procedures and the actual

taking of the .mi j- an IiTapoAtAi consideration in the interpretation of the

results. The amount of activity associated with the daily schedule of the sub-

jects will influence the numbers and kinds of microorganisms recovered in the

environment. The relative humidity and temperature of the atmosphere in the

space simulator are contributing factors to the microbial population of the en-

vironment as is any shift in the gzseous environment.

The experimental design required the establishment of a strict experimental

protocol in order to define the bacterial and fungal flora. This included the iso-

lation of the subjects from other individuals and from the environment exter-.al to

the room. In addition, any break in the isolation procedure was monitored and

necessitated the use of procedures normally associated with hospital operating

room technique; e. g., the donning of sterile garments by the personnel involved.

Of prime importance to the successful culturing of the varied body areas

and environment is the adequacy of the sample procured. Bacteriological sampling

by subjects living under simulated space system conditions required close super-

vision to ensure that the samples were truly representative of the area and that

they were handled according to established procedures including immediate cultur-

ing. Of equal importance is the adequacy of the culturing schema which was de-

vised to consider both aerobic and anaerobic bacteria and included many differential

media in order to obtain the maximum information within the framework of the

culural workload.

During certain periods of the experiments, subjects were confined to the

Aerospace Medical Research Laboratories Life Support System Evaluator which

is an 1100 cu. ft. man-rated chamber in which humidity, temperature, and partial

pressure of gaseous constituents can be controlled. Th"s facility is used to simu-

late various space mission profiles. The taking of samples by the subjects while

in the Evaluator presented several significant problems. It was essential that the

media (particularly the anaerobic) were transferred into the chamber immediately

prior to the culturing period. The use of proper technique in swabbing and in

adding the swab to the broth was important in the accaracy of the results. It was

essential to instruct the subjects in the technique of swabbing in the various areas

and in the addition of the swab to the culture tube.

7



A review of the literature pertinent to all phases of this study has been

completed and two texts are preeminent: Microorganisms Indigenous to Man by
(8)

Theodor Rocebury ( ' and The Ecology of the Human Skin by Mary J. Marples

Both of these authors have assdmbled tables dealin with the '"normal" flora and

based on the work of many authors. These tables are included in Appendix H in

order that the results from this study may be compared with the "normal" flora

shown in these tables. Comparisons will be made with other authors' studies in

specific instances where additional information will strengthen this study.

Many studies have been conducted on people who were institutionalized for

various reasons and the results may be a reflection of the health and well-being

of the subjects. Our study was conc rned with microbiological data oltained from

healthy young men. In addition, the microflora of these same men was sampled

a significant number of times during a six-week period of confinement. The data

from the early sampling periods will be a reflection of the "normal" baseline

flora of the subjects; and following entry into the Evaluator, will reflect the

effects of confinement, stress, and space-type diets upon this flora.

8



SECTION EH

MATERIALS AND METHODS

A. COLLECTION OF SAMPLES

The procedure for the collection of samples from the body areas, feces,

environmental and miscellaneous areas are described for each class of samples.

1. Body Areas

Two swabs from each body area were collected by subjects in either

the controlled activity facility or Evaluator at 8-10:00 a. m. on specified days

(Table 1). One swab was placed in 10 ml of Gall Is broth plus cysteine for anaero-

bic culturing and one was placed in 10 ml -f heart infusion broth for aerobic

culturing. Collection was made by swabbing a 1 by 1/2 -inch area as follows:

a. Eye: Evert lower eyelid and swab conjunctiva gently, following
cotour of eyelid with swab.

b. Groin: Swab from front toward rear.

c. Axilla: Swab with care to get specimen from skin below hair
area.

d. Throat: While depressing tongue, swab tonsillar area.

e. Mouth Area: Swab gingival margin adjacent to the last upper
right molar.

f. Glans Penis: Swab specified area of skin of glans, or between
glans and foreskin.

g. Ear: While pushing earlobe down and toward neck, gently swab
external auditory canal with a circular motion.

h. Nose: While pushing the fleshy tip of the nose upwards, gently
insert swab and rotate.

i. Umbilicus: Gently expose deeper folds of umbilicus by pulling
upwards on surrounding abdominal tissue in order to swab all
areas.

j. Anal Fold: Gently roll swab over area immediately adjacent to
external anal sphincter.

k. Toes: Swab area between toes.

1. Scalp: Swab with a scraping motion within the area of hair growth.

9



m. Tongue: Roll swab from left to right on posterior portion of
tongue.

n. (ingivai (Experiment IX only): Dentai mnstruments were em-
ployed to obtain samples from the appropriate areas.

For purposes of approximate quantitation each swab was considered to contabn

about 0. 01 gm of sample.

2. Feces

Fetal samples were eliminated into plastic containers and were

cultured within 15 minutes of elimination.

3. Environmental Areas

Aerobic cultures were made from several room areas, using two

procedures:

a. Sedimentation plates of blood, MacConkey's, actinomyces agar,
and phytone yeast were made from the following r-cim areas as
indicated on Table 1 by exposing the plates for 30 minutes-

" Tables, fore (eating) and aft (games, etc.)

* Bed

" Floor, personal hygiene area

b. The following areas were swabbed. These swabs were placed
in 10 ml broth and incubated aerobically.

* Communications equipment

* Refrigerator door handle

• Bed post

• Transfer lock handle

B. PRIMARY CULTURING

1. Primary Culturing of Body Areas (other than feces)

a. Aerobic

The aerobic swab collected by each subject for each body area

was emulsified in the 10 ml of broth into which it had been placed when collected.

Tenfold serial dilutions in 4 to 6 tubes of trypticase soy broth were made depend-

ing upon the numbers of organisms expected to be present in the aample based on

10



previous experience. The ex-art procedure for culturing is shown in Figure 1.

The irypticase soy broth series was incubated aeroically and observed for growth

a4 aand 4 liuri. All cultures showing growth were smeared. Aerobic plates

were made on the media listed in Table 92 for each of the body areas by spreading

0. 1 ml of broth from the most suitabie dilution on the plate using a glass spreader.

An additional blood agar plate was made in the same mannver from the initial dilu-

tion. The aerobic couit vias obtained from a blood plate according- to standard

method techniques.

b. Anaerobic

The anaerobic swab from ea-ch body area (collected by each subject

;n eitnher rhe rv-aluaeor or contrzolled aictivity ffac--lity) was emulsified in 10 ml of-

broth. Tl-'e sample u-as then serially diluted by tenfold dilutions depending upon

the numbers of organisms expected to be found in that partkzxmlar sample- The

procedukre, which is essentially the same as the aerobic method, is depicted in

Figure 1. The cultures were then~ placed in an anaerojbic jar, incuibated at SrC

in an atmosphere of 10%. C0 2 , and observed after 24 and 481hours for growth-.

Agar shakes Mn Garx s agar, as wiell as slides, were made from the top diltxis

showing grow~th. The agar shakes were then transported from the site of primary

zulturing to Republic Aviation Division'~s laboratories where the cultures -were

identified. In addition to the serial dihdio s, anaerobic Brewer plates wer made

with 1. 0 ml of the appropriate dilution from the throat, mouth, and glans penis

samples using Gall~s agar with cysteine. In Expweriment LX. two additional areas

(the gingiva and anal foid) were added. A blood agar plate and, shere indicated, a

chocolate agar plate were inwc.'Iated with 0. 1 ml from the second dilution tube and

spr.ad over the surface of the Diate with a --n- -fl--, bext-glass rod_ A pour plate

of R ogosa 1s a ga r, wh en indi cated by th e bo&- rea was inoas Ite ~d withb 1. 0 mlt

from the third dilution tube. T hese plates were incubated in the 10% CO 2 anaer-

obic jar. Deep blood agar shakes were n-ade only from the moulb and gingia

samples by placing 1. 0 ml of blood in o, a cooled Gal" s agar shake a-ad inociilating

with 0.2 ml. from the third dilution tube.
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2. Primary Culturing of Feces

a. Aerobic

The aerobic plates from the fecal sample were taken from the

anaerobic broth series. One-tenth ml from the third dilution tube was used as

the inoculum for all aerobic plates, as well as the anaerobic blood plate. This

was spread with a sterile bent glass rod upon the surface of the media. One-

tenth ml from this dilution tube was also used as inoculum for a pour plate for

the aerobic count. One ml from the third dilution tube was used as inoculum fc

the Rogosa's pour plate.

b. Anaerobic

The anaerobic broth series for the primary culture of the fecal

sample was essentially the same as that used previously by Gall, et al( 9 ) for

culturing rumen anaerobes, and which has been recently successfully adapted in

the Republic laboratories to the culture of human feces10). This is a technique

that can be adapted easily for work under field conditions. Figure 2 gives a

schematic representation of the primary culturing technique, which is modified

to culture from a standard loopful (0.01 gram) of freshly eliminated fecal material.

Samples were cultured within 15 minutes of elimination.

The fecal material on the standard loop was placed directly into

a tube containing 10 ml of Gall's broth prepared by addition of 0.1 ml of a cysteine

sodium bicarbonate solution. This tube was considered to represent roughly a 10 - 3

dilution to the fecal contents. Serial dilutions were made into 11 additional tubes

containing 9 ml of Gall's broth prepared as above by transferring 0.1 ml from the

inoculated tube into the next tube, etc. The top 10 tubes were incubated anaero-

bically in an anaerobic jar containing a 10% CO2 atmosphere until growth occurred.

Observations for growth were made at 24 and 48 hours and at appropriate intervals

thereafter. Growth usually appeared within 48 hours. These tea tubes were con-
-4 -13

sidered to approximate a dilution of the sample from 10 to 10 . No dilution

blanks were used, as each tube containing broth acts as a dilution blank for the

next tube in the series. From tubes 5 and 6 pour plates were made into anaerobic

Brewer dishes using Gall's medium with cysteine bicarbonate solution added.

13
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The top three tubes showing growth were subcultured into agar

shakes using Gall's medium to observe the anaerbi .r a .oi .-"- *- f thle

microorganisms and to preserve the cultures for tran nnrt rorrifiention and

further study. Each culture was stained by Hucker's modification of the Gram

stain and the slide was observed microscopically.

In addition, blood plates were made from the 10 - 3 and 10 - 4

dilution of the fecal sample by the same technique as the aerobic plates from the

other body areas and were incubated at 37°C in the same manner as the anaerobic

broth series; i.e., in 10% CO 2 atmosphere in an anaerobic jar. Growth was re-

corded after 24 hours and the plates were treated in the same manner as the

anaerobic blood plates described below.

3. Primary Culturing of Environmental Areas

The sedimentation plates made from the several room areas listed on

p 10 were exposed for 30 minutes, incubated at 37°C, and observed for growth

at the end of 24 hours. The swab cultures taken from the environmental areas

were pJaced in broth and inoculated aerobically at 37°C. Smears were made of

all bro;hs that grew.

C. SECONDARY CULTURING

1. Aerobic

All the cultures from the Petri dishes incubated aerobically and under

CO 2 from all body areas, feces, environmental areas and miscellaneous items

were returned to the Republic Aviation Division's laboratories where selected

colonies were picked into broth. Cultures picked from the anaerobically incu-

bated plates were incubated in the CO2 incubator while all other colonies from

the anaerobic plates were processed by the usual aerobic methods. The cultures

were smeared, stained, observed microscopically, separated according to mor-

phological types, and processed according to the schema, if applicable.

15



a. Staphylococci* and Micrococci
* .'Xufrn '-rl ool+ ,.

All positives confirmed with coagulase test
* Phage typing on selected cultures

b. Streptococci**

* Alpha hemolysis
" Beta hemolysis
" Gamma hemolysis
* Differential sugars
* Typing
" Temperature
" Salt tolerance

c. Pneumococci

* Pneumococcus broth - bile solubility

d. Haemophilus

* Isolated strains identified with typing antisera

e. Neisseria

" Sugar screen test
* Oxidase test

f. Lactobacillus

" Culture and morphology in Rogosa's medium
" pH in glucose broth
" Ecology

g. Gram Positive Rods

" Loeffler's
" Morphology
" Gelatin
" Sugar screen
" Hydrolysis of starch
* Detection of hyphae (Actinomycetales)
" Tellurite
* Catalase
* Hemolysis on sheep blood
* CO2 requirement
* Litmus milk

* The identification of the staphylococci was carried out under separate con-
tract by personnel from the Miami Valley Hospital Research Department, Dayton,
Ohio. The results of the work are included in overall summary and tables.

** Work performed by A. West, Research Microbiologist, Aerospace Medical
Research Laboratories, Wright-Patterson Air Force Base, Ohio.
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h. Gram Negative Rods

* TSI

* Methyl red
* Voges -?roskauer

" Simmon's citrate
" Urease

* Nitrate
* Motility
* Gelatin
* KCN
* Phenylalanine
SCytochrome oxidase (on aUl alkaline over alk-aline TSI s)
0 Typing antisera (shigella, salmonella, E. coli, kiebsiella)

i. PPLO

* Dienes I stained agar technique

j. Fungi

Phytonle yeast media
* Wet mount

0 Lactophenol cotton blue
0 Corn meal agar

Fermentation series when indicated

k. Actinomycetales

0 Actinomyces media
* Morphology in culture, smears and wet mounts
* Biochemical series

1. Spirochaetes

* Blood broth (morphology)
Darkfield when indicated

* Vincent'Is stain

M. Protozoa

0 Identification by selective stains

2. Anaerobic

a. Body Areas Other Than Feces

The agar shakes made from the dilution series and the colonies

picked from the Brewer plate (when made) were separated into two groups depend-

ing upon the degree of anaerobiosis. The obligtl neoe were processed in the

same way as the fecal anaerobes described on p 38 with the exception that many of

17



the cultures, particularly from the mouth, gingiva, throat, and glans penis, were

identified from Bergeyls manual' 1 . The facultative anaerobes were grouped

according to morphology and were processed as described in this section under

C. 1. A morphological and biochemical key was established consisting of the

results of the screen tests from the most frequently occurring fecal anaerobic

cultures and was designed to group similar bacteria. Each different screen test

pattern was assigned an FA, FN, or GD number. The FA and GD types were

used to designate obligate anaerobes and the FN types to designate facultative

anaerobes (see Table 3).

b. Feces

The agar shakes from the top three tubes of the cultural series

were processed in the following manner. The agar shake cultures were trans-

ferred to Gall's broth plus cysteine and incubated anaerobically until growth

occurred. Gram stains were made and, if the cultures were pure, they were

immediately screen tested as described below. Cultures showing two or -nore

distinct morphological types of bacteria were purified by plating using the follow-

ing anaerobic technique. A needle of the impure broth culture was spread on a

bed of Gall's agar which was then covered with a layer of Gall's agar with added

cysteine. The plates were incubated anaerobically in a Torbal jar with hydrogen

and 10% CO 2 and discrete colonies were picked. Selected colonies on the anaerobic

Brewer dishes originating from tubes 5 and 6 were picked and treated like the sub-

cultures from the agar shakes as described above. The physiological studies of

the pure cultures isolated from the feces included the following screen tests:

(1) Gram stain to observe morphology

(2) Final pH in 0.1% glucose broth

(3) Fermentation of the following sugars in Gall's media with
glucose omitted (glucose, sucrose, lactose, dextrin -
sugars added at 0.1% level aseptically after autoclaving)

(4) Growth in Gall's broth with no carbohydrate added

(5) Liquefaction of 12% gelatin in Gall's medium minus carbo-
hydrate

(6) Growth and reaction in litmus milk (to which 0.05% bovine
albumin and 0.1% of peptone have been added)

(7) Growth in agar shake containing Gall's medium

18



All media contained bicarbonate and all media exceDt the aear

shake contained cysteine to produce an Eh of about -200 mv. The results of the

screen tests on each anaerobic culture were compared with a "key".

19



GALL'S MEDIUM

Purpose: Anaerobic culturing

Formula: Peptone C (Albimi) 1%
Peptone S (Albimi) 1%
Beef Extract (Difco) 1%
Yeast Extract (Difco) 1%
K2HPO4  0.1%
KH 2PO 4  0.1%
Glucose 0.1%

Technique: Make up to 100 ml with distilled water and tube in 9 ml amounts
(pipetted for exactness of dilution) and sterilize exactly 10 min-
utes by autoclaving. Immediately before use, add aseptically 1
drop of sterile 10% NaHCO 3 and 2 drops of 10% cysteine-
bicarbonate solution*. This gives a pH of approximately 6.8 and
an Eh of approximately -200 my. Add 1.5% agar to the above when
agar is needed for shakes and plates. This is done when originally
making the medium. In agar omit cysteine except where noted
otherwise. To all broth and agar media add 0.05% of bovine serum.

* 10% cysteine-bicareonate solution. 20 gins Cysteine Hydrochloride, 100 ml
IN NaOH, 7% NaHCO 3 . Add the cysteine hydrochloride to the NaOH, giving
an approximate pH of 7.0. More or less NaOH will be needed depending on
the particular batch of cysteine hydrochloride. To 4 ml of this solution (15%
cysteine) in a test tube, add 2 ml of 7% NaHCO 3 . Seal with melted vaspar.
Autoclave at 15 lb. for 10 minutes.

20
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GALLIS GEIATIN (i.e. 12%)

Im The use of gelatin in culture media for studies of gelatinolysis
(elab)oration of gelatinolytic enzymes) by bacteria.

Formula: Badto tryptone, 10 g
Bacto peptone 10 g
Bactoyeast extract 10 g
Badto beef extract 10 g
Monobasic potassiumn phosphate 1 g
Dibasic potassiumn phosphate i g
Serum 1 cc
Gelatin 120 g
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SECTION III

EXPERIMENTAL RESULTS

The design of the sample schedule was based on the requirements of the

original study(  . However, the five experiments differed in certain respects.

Table 1* lists the test conditions of each particular experiment, as well as the

dates on which various body areas were sampled and fecal specimens were ob-

tained. The table also lists the dates of the environmental area samplings.

Another variable in the experimental procedure was the wearing of space suits by

four subjects. Suited subjects are shown on Table I for Exp. V.I7 and VXI. The

only experiment in which temperature was varied was ExTp. IX, during which a

temperature of 90*F was maintained for two of the six-week periods as shown in

the table. The periods when liquid diets were offered to the subjects are shown

on the table for Exp. VII and VEII.

The pe-, sonal hygiene protocol enforced during all of the experiments is

shown in Table 4. This table also indicates whether or not the subjects bathe-,

and whether they used soap or detergent. The oral hyciene enforced on each par-

ticular experiment is shown or. this table, as is the type of clothing worn during

each period.

The sampling of each body area was carried out by technioues which were

described in Section 11. The frequency of the sampling, which varied slightly

between experiments, is shown in Table 5.

Each subject performed the requiired sampling in accordance witb instactions.

Immediately following the swabbing of the body areas, the swabs were placed in

aerobic and anaerobic brth for transfer from the chamber for further processing.

The processing of each swab followed a definite schema for plating. The primar-

culture media used for each body area are listed in Table 2.

* All tables appear in Appendix I
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Figures 1 a.nd 2 depict the aerobic and anaerobic broth dilution series which

are setL up -priar to tMe piaiIing on primary isolto media.

Thle numnerical counts shavwn, in Table 6 are representative off bacterial

colonies appoearing on blood plates following 24 hou--s of incubationi. These enviroin-

mental plates had been exposed to the atmosphere for 30 minutes within either the

controlled activity facility or the simulator, and probbly represent a true picture

of the numbers of bacteria present at any particular sampling period in that area.

These counts, which seemed to be a reflection of the bacteria carried by the sub-

jects, built up to a particular level and plateaued, as did the counts of the individ-

uals. Prior to the ent-.ry of the subjects into either the controlled activity facility

or the Ev-aluator, an attempt -was made to red-lee the residual count by the use of

an antibacte -a! agent, &AC. This product was used as a spray and as an additive

to scrub water. This method of treatmenif provred extremely successful, and the

preentrv counts ranged from 0) to less than 10 n every instance.

The variation in the number of organisms isolated from the skin of the same

individual at different times (Table 7) vras nt as great as the Mierature indicated,

Particularly when 11he samples were takEn- in the same manmer from subjects ex -

periencing the same environmental conditions. Individual variation included the

ability t1o, sup Dort a larger and denser bacterial population. This cutaneous poW-

lation was only temporarily affected by sweating or washing. The effect of any

radical1 change in heat or moisture upon the cutaneous flora bas not been ~horoughly

studied.

The analyses of the numerical bla collected from the 20 subjects revealed

that the buildup of the numbers of the bacteria presa in the various cataneous

areas samvied r-ehed a cerimain numerical level aL. about the_ tenthi s.-nipling

perid (pjproxijmately 3-1 weeks)-. The counxt remained at this !level for the next

two, sampling periods an-d then imderwent a snmall decrease in total numbers-. This

wvould seem to idicate tbiat in any given area when the bacteria readied a Certain

level, the fobod szpply could ar, longe-r support addivinl population.

The e=-vironmnertal effect on Ube Mkin of wearing the space- Suit was rct as

geata m -ihi be suppoteed. No significamt aiference ibe numbers or kinds of
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bacteria was noted on suited subjects. The assumption that the more constant

temperature maintained on these skin surfaces, together with a higher relative

humidity and a reduced air flow, should have been favorable to certain strains,

was not substmutiated by thO appearance of nigher bacterial counts.

The axilla and groin were two of the areas showing a marked bu-1dup and,

for this reason, are shown separately in Table 8 so that a comparison may be

made between the two areas on the four subjects. These particular numbers also

point up the individual variation existing between the subjects.

A further clarification of the numbers presented in Table 8 was attempted

by separating th counts attributable to staphylococci and corynebacteria and plotting

them againsc each other in order to depict graphically the relationship between

these strains at the various aampling periods (Appendix 1). Except for Exp. V, the

corynebateria built up to significant levels during all runs and were recovered

to a greater extent than were staphylococci. No significant difference was noted

during the imposition of 90°F temperature during Exp. IX or was any sigaificant

difference noted during the wearing of space suits by Subjects 26, 27, 29, and 31.

The results of these tests are not in agreement with most reports with

respect to the numerical proportionate appearance of corynebacteria and staphylo-

cocci, however, the results do agree with those of Shehadeh and Kligman(l3)

Table 9 is presented to idratify the streptcocci recovered at the varying

sampling periods. The prevalence of Streptococcus salivarius and Streptococcus

mitis in the mouth and throat of the subjects was not unexpected; however, that

significant number of strains of Streptococcus faecalis were recovered from the

mouth and throat prove the indigenous character of Streptococcus faecalis in the

upper alimentary tract. A sporadic occurrence of other strains was felt to be

insignificant and not a reflection of their position as possible members of the

indigenous microflora.

Tbe staphylococci were studied by Miami Valley Hospital Research Depart-

ment, Dayton, Ohio under separate contract with the Aerospace Medical Research

Laboratories(14) . Table 10 is based on information received from the Miami Valley

Hospital Research Department. 'he identification of coagulase activity was carried
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out by a plate method rather than the conventional tube method. A significant

number of cooguiase po0sitive Strins was recovered from the individual subjects.
These strains are conside ad important- hecaur- of "'i.p pathogenicity.

Subject 17 carried a positive strain in both the throat and groin. Subject 21 showed

a coagulase positive strain occurring on the glans penis, in the ear and nose, as

well as on the groin and axilla. Subject 24 had much the same pattern with the

exception of th . ear. In Subjects 25, 26, and 32 positive strains appeared on the

axilla, groin, and glans penis. While Subjects 27 and 28 did not carry a significant

number of positive cular.s on the axilja, they carried coagulase positive strains

of staphylococci on the groin and glans penis as did Subjects 29, 30, 31, 34, and

35. The other subjects showed sporadic isolation of eoagulase positive strains.

Neisseria were prevalent at varying times during the five experiments

(Table 11). In particular, during Exps. VIII and IX a heavy incidence of neisseria

was found in the mouth and throat of Subjects 25 through 36. Sporadic occurrences

of neisseria were noted on Subjects 17 through 24. It is possible that neisseria was

transferred from subject to subject, but the data present no clear-cut picture.

The occurrence of Enterobacteriaceae from body areas (other than feces)

shows the limited distribution of thes2 bacteria (table 12). Their occurrence in

the axilla was sporadic and limited to a few subjects, but agrees with the literature,

particularly in respect to the appearance of aerobacter. The occurrence in the eye

is felt not to depict the indigenous flora, but to represent a chance contamination

of the eye. The appearance of these bacteria on the glans penis and anal area

reflect the current level of personal hygiene. The recovery of Enterobacteriaceae

from the feces (Table 13) agreed with the data presented in the literature with the

exception of isolation of Alkalescens disp!r from the feces of Subjects 22 and 26.

The occurrence of E. coli in the feces and the identification of those strains

which dre typable are shown on Table 14. The high percentage of typable strains

(roughly 50%) greatly exceeds the percentage reported in the literature. Various-

authors have estimated from 2.5% to 10% of the strains carried by the "normal"

population are typable. In addition, a number of the typable strains found in this

study are among those considered potentially pathogenic by various authors. It

is p%.Jsible that everyone carries these strains in relatively small numbers and
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when tHe balance of the "normal" flora is disturbed by aiet or disease, these

minority strains can become prevalent and appear to be members of the pre -

dominant flora.

In addition, odd patterns appeared. The biochemical reactions of one

repeatedly isolated group of organisms fell between the shigella and E. coli

reactions. This group of organisms has been referred to as Pattern S-C. The

isolation of typabie strains appeared to be greatest during Experiments VIII and

LX and may be a reflection of the particular diet used during these two experi-

ments.

One of the most interesting groups of organisms isolated repeatedly were

members of the Corynebacteriaceae. Great difficAty was experienced in species

identification of these varied groups. This is in accordance with the literature.

For example, Pollack et al(15) isolated 52 diphtheroid strains from the human

skin, five of which were oleic acid requiring. These lipophilic diphtheroids have

been identified as Corynebacterium xerosis by Pillsbury et aI(16). Marples et al ( 17 )

also found diphtheroids in the interdigital skin of the foot in 38.2% of 175 adult

subjects, and reached the conclusion that "Aerobic diphtheroids do not appear to

produce any overt changes in the skin and must be regarded as normal residents

of the substrate." When species identification of corynebacteria was impossible,

biochemical patterns were used for grouping and are shown in Table 15.

Te distribution of corynebacterium on the body areas showed

marked variations among the subjects. Some subjects carried specific strains

in each body area, while others had a sporadic occurrence of different strains

in different bod, areas. More specifically, Subject 24 carried C. acnes in most

body areas with only a sporadic isolation of C. pseudodiptheriticum. Conversely,

Subject 25 carried pattern A in the ear, C. striatum in the nose and glans penis,

C. pseudodiptheriticum in the mouth and throat, and pattern A in the groin and

anal area. There wao no consistency in the strain isolation. Subject 21 carried

C. acnes frequently as well as C. pseudodiplheriticum, but there was no indication

of any prevalent strain in any of the sampled areas. Subject 22 carried C. acnes

and C. pseudodiptheriticum as did Subject 21 but, in addition, cultures of C. striatum,

C. xerosis, as well as pattern A, were isolated sporadically. Subject 23 had much

26



the same pattern as Subject 24, with C. acnes predominating. However, Subject

26 exhibited the pattern of strain specificity for body area. Pattern S+ was iso-

"- ,'e consistently from the groin and glans penis and C. pseudodiheriticum was

isolated from the mouth, pattern A from the ear, nose, and axilla, and an uniden-

tified strain in the throat and nose. Subject 27 was also species specific and

carried C. pseudodiptheriticum in the nose and throat, pattern S4 in the axilla

and glans penis, C. striatum from the groin, and pattern A consistently in the

eye and occasionally in the axilla and groin. Subject 28 carried pattern S+ in the

throat and glans penis, C. pseudodiptheriticum in the mouth, and pattern A in the

axilla. For Subject 2(j, the isolation was again sporadic. Subject 32 carried

pattern S+ (as described in Table 15) and C. pseudodiptheriticum in the nose.

Subject 30 carried pattern S+ in the axilla, groin, and glans penis. Subject 31

carried pattern S+ in the groin and glans penis with many seemingly random

isolations of other species. Subjects 17 and 18 carried C. striatum in the groin.

Subject 34 had both pattern A and S+ in the nose and C. striatum and pattern A in

the axilla, groin, and glans penis. Subject 35 had C. striatum in the groin and

anal area, while Subject 36 had C. striatum and S+ pattern in the anal area, as

well as in the axilla and groin.

The analysis of the appearance of the strains of corynebacteria by subject

was complicated and seemed to represent individual variation, rather than being

a result of the experimental conditions. Analysis of the Cor-nebacteria species

by body area rather than by subject was also carried out. Only 8 of the 20 sub-

jects carried corynebacteria in the feces, and the two species C. striatum and

C. acnes accounted for these isolations. In the groin, a more diversified distri-

bution occurred, as indicated by the recovery of the following members of coryne-

bacteria: C. striatum, C. xerosis, C. pseudodiptheriticum C. acmes, and

pattern A, as well zas striatum S+. There did not appear to be any conformity in

either this particular body area or the axilla as far as species specificity, although

pattern A, C. striatum and its associated pattern S+ accounted for most of the

isolations in the axilla. The data indicate that there is a correlation between the

presence of C. striatum and pattern A. On the glans penis, the strain specificity

per man was more mirked, with S+ being most frequently isolated followed by

C. striatum. Pattern A occurred sA-gnflA. mn two individuals. The
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consistent absence of any strain of corynebacteria in the anal area in 15 subjects

is significant. Experimental conditions seemed to affect only the total numbers
V- 2- SUo i Tble i6

of oorynebad{eri-a. The ditinino hU vre tan ssowU it, Iae1

by body area, Table 17 by samnling rtriew, and in Tnh]ti 1 Q b h^s.- -ial'e b.y

areas. Figures 3, 4 and 5 show the graphic distribution of corynebacteria plotted

against the occurrences of staphylococci (Appendix I).

The distribution of Lactobacillus species is also shown in Table 16. Lacto-

baciJi were consistently recovered from the throat and feceE in Subjects 17, 18,

19., 20, 21, and 27. The recovery in the other subjects was sporadic and notable

bry its lack of consistency. In addition, lactobacillus was isolated from the nose,

ear, and (surprisingly) on the glans penis in Subjects 22, 23, and 24.

The recovery of miscellaneous aerobes which are considered to be indigenous,

but not predominant, is documented in Table 19. Of interest, is the recovery of

haemophilus in the feces of Subject 24 on four occasions. Bacteria of the Moraxella-

Mima group were recovered sporadically from a few subjects and at a much lower

incidence than anticipated.

During Experiment V, a significant number of colonies appeared on various

media and the identification of these isolates was difficult. For this reabon, actino

medium was added to the list of culturing media on subsequent runs. The bacteria

isolated from this medium are listed in Table 20. Many of the isolates seemed to

be members of the proactinomyces or nocardia groups, and the classification de-

veloped by Krassihnikov(18)was used as a basis for tentative identification. The

principal isolates from the skin are probably Proactinomyces goensis and Pro-

actinomVces spitzi, while Proactinomyces interproximales was recovered from

the mucous membranes. Miscellaneous isolates fall under the grouping of Pro-

actinomyces albus. A detailed study of these cultures was not within the scope of

this effort. The heavy incidence of these cultures in the earlier sampling periods

may have be- ated to the removal of all bacteria from the environment by the

use of a BA sp,-ry. The "normal" bacterial balance between the subjects and

their closed environment could be considered tenuous, and any factor which con-

tributed to the elimination of large numbers of normally occurring microorganisms

may well have allowed the sudden influx of other bacteria whose influence and effects

are not well defined.
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Fungi were isolated by using -a specialized medium (phytone yeast agar).

The cultures were incubated both at room temperature and at . The ,-nu er

of diverse cultures was so great that it was considered necessary to differenfinte

between the pathogenic and the nonpathogenic species, particularly in the genus

candida. Candida albicans was recovered from more than 50% of the subjects and

occurred most often in the mouth, throat, and feces. This incidence of recovery

is sufficiently greater than that reported in the literature to indicate that it repre-

sents a true finding and one which requires interpretation in view of the limited

oral hygiene and the particular space diet employed. Two other species of candida

(C. parapsilosis and C. gulliermondi) were recovered frequently. Subject 36

carried Candida albicans on the glans penis on seven occasions. The incidence of

Trichophyton rubrum and Rhodotorula sp. is in agreement with that found in the

literature. Many species of aspergillus are widespread in the environment and

are considered to be laboratory contaminants. Their pathogenicity for human

beings has not been defined; however, the frequency of isno'- -nf Aspergillus

species from the subjects on Experiment IX would indicate that these men were

carriers of aspergillus in the nose for a short period of time. Subjects 23, 26,

and 27 had n,,merous isolations of Trichosporum species from the groin and glans

penis. Sporadic and frequent isolations of the Penicillium species occurred but

no particular significance is attached to these cultures. Am ng the miscellaneous

fungi appearing are: Cladosporium sp., Helminthosporium sp.. Scopulariopsis

§p., Syncephalastrum sp., mycelia sterila, as well as Phoma sp. and Tricho-

phyton mentagrophytes. Two of the subjects (numbers 27 and 36) carried a much

greater number and variety of mycological flora than did the other eighteen sub-

jects. One of these subjects was a negro, the other, a highly nervous individual

who perspired profusely. The pH of the skin of these men was not determined,

but it could have been a contributory factor to the presence of the various fungi

as could the amount of sweat, since the perspiration could be expected to provide

a greater source of nutrients for fungi and bacteria than the skin of a subject

whose sweat production was minimal (Table 21).

The isolation of pleuropneumonia-like organisms (PPLO) from many body

areas of all the subjects at repeated intervals is documented in Table 22. The

current opinion of many researchers is that many strains of PPLO are saprophytic
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and their isolation should not be considered signif cant. The PPLO may be "oppor-

tunists" and invade in combination with disease-producing bacteria. Their path-

ogenlic posit1i n nrixvi-vioccoa urethtis 1$ s 1 1A % I , % A l'o %his rsnz,
thir;. freq- nt.,.,4 islati.-", """-"-. the, g,'lans p"nis wu. s felt to have-, n cqi}h,]o qlonifit'n

and additional emphasis should be placed on studying their occurrence in this area,

and its possible Significance, as well as on the further identification of the specific

Arain of PPLO present.

Table 23 lists the dilutions from which the anaerobic blood plates were

taken and illustrates the varied tailoring of the sa mple procedure used to obtain

the most meaningful results. It was necessary to modify the procedure for each

sample, as in a too heavily inoculated blood plate, the cultures overgrew, and

identification of the varied flora became impossible.

During Experiment V, cocci (isolated from the blood plates) belonging to the

micrococcae rather than the staphylococci group of inicrococcaceae were studied

in detail and identification of selected strains from the nose, axilla. groin, and

anal area were made. In subsecuent experiments, these cultures were disregarded,

since they were studied under separate contract by members of the Miami Valley

Hospital Research Department (Table 24).

The microscopic identification based on slide observation of the aerobic

dilution series is shown in Table 25 and merely confirms the identifications

obtained in the conventional manner.

The recovery of micrococcaceae from room areas is shown in Table 26 and

is based on information received from the Miami Hospital Research Department

and indicates that a substantial number of the colonies recovered consisted of

strains showing positive coaguase activity. Since phage typing of these cultures

is not available, it is impossible to say whether they show the spread of potentially

pathogenic staphylococci between men and their environment.

The environmental sampling based on xposure plates (Table 27) was re-

markable by the recovery of a relatively few strains which were potentially patho-

genic. Most of these strains occurred on the floor in the vicinity of the personal

hygiene area and were a result of the standards of hygiene enforced, oe the per-

sonal habits of the subjects.
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Tables 28 through 34 show the occurrence of the various microorganisms
iN-p.rticua " b.y areas a ,d .ll. m_,A .1gful co-ariiuns to be made with those

reported in the literatrp Of ri,-rti-, inte ... V" h J tabs ... wng the.

occurrence of various microo.-ganisms on the anal area and axilla, as well as the

toes. The consistent recovery of both staphylococci and corynebacterium re-

emphasizes their position as the predominant organisms in most body areas. The

occurrence of fungi in these areas is higher than the literature indicates, but in

most instances caused no serious problems.

Table 35 illustrates the nutrient composition of the diets offered the sub-

jects which d.fered between experiments. The diets for Experiments V and VI

have approximately the same number of total calories and protein. The Experi-

met V diet had slightly more fat than was found in the diet used on Experiment

Vi. The fresh and liquid diets used in Experiments VII and VIII were very closely

matched and it is felt that the most significant difference between the two was in

the lover calcium load imposed by the diet used in Experiment VIII. Experiment

IX had a significantly higher proportion of total calories in the form of carbo-

hydrates than did the other four experiments. While the protein in Experiment

IX was lower than Experiments V and VI, it was substantially higher than Experi-

ments XVt and VIII.

Because of the importance of the "indigenous microbiota", microbial pro-

files of all 20 subjects showing each body area sampled at each sampling period

are shown in Table 36. This table documents the recovery (by culture procedure)

of all aerobic organisms. In addition, individual variations in the flora of any

particular body area can easily be identified, and possible transference can be

studied, fhe microbial profile of each subject must be considered as an entity,

since the interrelationship of the microbial populations of body areas is important.

The composition and role of the anaerobic fecal flora in the body of the

young healthy adult male has never been completely delineated. For this reason,

the predominating anaerobic flora has been grouped and identified by the schema

of Gall et al (NNASw-738) ( 1 9) . This artificial schema is based upon certain mor-

phological and physiological characteristics. Table 3 shows the biochesmnical

reactions and morphology of these cultures. This table includes the obligate
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anaerobes FA-1 through 18; the G. D. series 1 t1, rough 7, which are also obligate

anaerobes; as well as the FN series 1 through 5, which are facultative anaerobes,

as are CN- and 2. In addition, the PS-1. 2. and 3 facultative anaerobic on--i a-,i

also included. This method of grouping has been used in order to compare the

results obtained under the simulated space conditions of this experiment with the

baseline "normal" established under the investigations carried out for NASA by

the Republic Aviation Division of Fairchild Hiller Corporation 1 9. In addition,

comparisons were made with two other studies; one carried out for the Aerospace

Medical Research Laboratories( (, the other a NASA -sponsored study which was

carried out at the Air Crew Equipment Laboratory (Philadelphia)( 2 1 ) . To under-

stand the physiological characteristics of these anaerobic cultures, Table 37, which

is reproduced from the NASA study, shows a summary of the physiological charac-

teristics. Additional information on the activities of these cultures is shown on

Tables 38, 39, and 40. Table 41 shows an artificial grouping of these anaerobcs

by activity including lactic acid productior, ammonia conversion, decarboxylation,

and deaminating activity. This background material is discussed in detail in

Section IV under the interpretation of the shift in the predominating types of

anaerobic bacteria.

The obligate anaerobic character of the feces was prevalent throughout all

experiments. The anaerobes outnumbered the aerobes by 10,000 times on an

average. This is substantiated by the enumeration of the aerobic organisms made

from the aerobic plate counts which are sho.n in Table 42. In contrast to these

aerobic organisms, which occur in millions per gram, the anaerobic organisms

were present in billions per gram. The height of the anaerobic growth in the broth

series is shown in Table 43. These data show that the numbers of anaerobic

organisms present in the feces seldom fall below the one hundred billionth dilution

of the sample and often exceeded it.

The comparative data reaffirms the predominance of the anaerobic bacteria

in the fecal flora. To show more clearly the degree of anaerobiosis present in

the predominating fecal organisms, the facultative anaerobes are listed separately

from the obligate anaerobes. This information is presented in Table 44 which

shows the numbers of obligate anaerobes versus facultative anaerobes isolated in

the top three dilutions of the anaerobic series of each man for each culturing period.
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Subjects 27 and 31 carried the highest percentage of facultative organisms and

represent individual variatiens with"n the grt.1p.

The distribution of the types of anaerobes found in fecal samples of the 20

subjects is shown in Table 45. The information in this table allows a comparison

between runs. The information in Table 46 allows a comparison to be made

between individuals on the same run. Table 47 shows the total distribution of

anaerobes by sampling period. Table 48 allowrs the data obtained from each run

to be compared. The results obtained on the 'Normal Predominating Fecal Flora"

(NASw-738 ( 1 9) are shown in Table 49.

The recovery of the fecal anaerobes of the varying FA types from each

experiment is depicted in Table 48. Experiments V!I and VIII should have pro-

duced the same type of reaction since the diets were so closely correlated. How-

ever, significant differences occurred in the number of FA -5's present and the

numbers of FA-9, 10, 12, !5, and 18, as well as G.D. 3 and 6. In Experiments

V and VI, the differences seem to lie in the appearance of FA-6, 7, 9, and 18.

Experiment IX, in which the diet did not closely approximate any of the others,

gave results fairly consistent with Experiment VII with the exception of the preva-

lence of FA -12 and the scarcity of FA -15 and 18, while G. D. 1 and 5 increased

markedly.

Vitamin production or utilization by the type cultures is one of their signifi-

cant contributions to the ecology of the gut flora, and although the relationship

between the host and the bacterial source of the vitamins has not been clarified,

the vitamin productiou by the predominating anaerobes is summarized in Table 50.

Another defined area of anaerobic bacteria physiology is the amino acid

decarboxylation performed by these predominating anaerobes. This information

is summarized in Table 51.

Work was performed on germfree rats to evaluate the function of the pre-

dominating anaerobes in the body and these data are summarized in Table 52. A

further study directed toward the control of these anaerobes is based on the sen-

sitivity to various antibiotics. The results of this study are shown in Table 53.
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in addition to the predominating positioni of anaerob~es in the feces, many

anaerobes were recovered from a substantial n-imber df bodv areas. These are

listed bth by subject, body area, and sampling period in Table 54.

Table 55 shows mo.rnphological types of organisms which were Dresea in

the anaerobic series. The numerous strains of bacteria which would not transfer
to secondary media are identified by morphoiogical types as shownm in Table 56.
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4SECT WIN D7

CONAC LA;i~j2CN%

A. BACKG'ROUNDilTRPR r-AT-ION

interpretation of every deiail of the 4Ma obtained from samples involving

ovei -50, 000 primrary c~itures and almost 1,000, OCGii becondA-12rv cupires would be

a monumental task. For this reason, thie conclusiOns presented herein are based

on changes which occurreid insa large number of samples or were of sufficient

magnitude to be cvinsideredi significant.

I Bacter ial BailduD on Man

in the analvses of the numerical data collected from the 20 subjec~ts,

a general conchlsion was reached that the buildup of the numbers off the bacteria

present in the various eutaneos areas s pe reached a certain n-merical. level

at ab(iA tue temth sampling.- period; i Le. .after approxi-mately 23 days of- confine-

ment. This condition lasted for the 4---vtw samping Periods, ulti-mnatelv under-

going a small relative decrease of total numbi&ers. This would seem to indicate

that in anv given area, when the bacteria reach a certain level, the food s pl

can no longer support an addiiionpd population. The bacterial leirels reachied did not
generally cause any visfile derinatologica rhes

2. Unmecessairv Sampling Arcas

The numerical data, whichi reflected the buildun of bacterial colonies

at or on specific body areas, were imnportant in deteL z1' m the =-eritf of sampling

certain bodyh area--. Careful considera-fin- o[MIxh the numnbers and kinds of bacteria

uresent in or on the scalp, ear, eve, nose, throat. ay-riffa, urnhilicus, forearm, and

anal area would seem to indicate that those areas can be sampled less frequently or

eliminated from the jmoniturig schedule in fMure work.

3. 'Indicator"' Areas

These same numerical d"a cited abovem indicate the importanc-e of

monaitorzing the level of cleanimss of the gzians pe-ais and the groin by bacterial

35



sampling. The relationship between gingival health and gingival flora, currently

being studied by the Republic Aviation Division of Fairchild if-iler C:rporation in
conjunction with Aerospace Medical Research Laboratories(22) , mz thow this

area to be a third indicator area.

4. Effect of Space Suits

The effect upon the skin of wearing the space suit was not as great as

had been supposed. No real difference in numbers or kinds of bacteria were noted

on suited subjects. The assumption that the suit conditions of constant -emperature,

higher relative humidity, and reduced air flow would be favorable to certain strains

of bacteria, was not substantiated by higher bacterial counts.

The two body areas which became uncomfortable for some of the suited

subjects were the groin and feet. When the subject had a history of athlete's foot,

the wearing of a space suit contributed to an exacerbation of the old infection,

usually Yesulting in T. rubrum causing discomfort. Itching that developed in the

groin area was attributed to T. rubrum and members of the Candid. species. In

In suited subjects, monitoring of the microbiological status of the toes could be

an essential prophylactic measure.

5. Effects of pHiso-Hex U cn Microflora

The information graphically portrayed in Figures 3, 4, and 5 (Appendix

I) suggests that a preentry scrub with pHiso-Hc. @a- erformed in Experiments

VI and VII, allowed a relatively greater differential to e:ist between colonies of

staphylococci and corynebacterium than was apparent in Experiments V and VUI,

where Ivory @ soap was used. The antibacterial action of pHiso-Hex 0, par-

ticularly against members of the Co .rynebacteria species, is apparent f:om there

graphs. AU the graphs have three peak periods depicting growth f -els tir

corynebacterium and for staphylococcus. "with the exception of Expeeiment V,

all other experiments reflect a higher postlevel count than entry count. These

graphs reaffirm the necessity for monitoring bacterial levels on the glans penis

and groin.
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6. 'Indicator" Microorganisms

Members of Enterobacteriaceae which appeared on the glans penis

and groin indicated a deterioration of hygienic standards.

The presence of various fungi on the feet, groin, and glans pems

could indicate necessity for instituting certain hygienic procedures.

7. Environmental Sampling

Sampling of the bacterial levels in the personal hygiene area and (X

the eating table should be part of the program, since the bacterial levels in these

two areas were considered to have risen to dangerous levels.

8. Microbial Profile

The microbial profile of these 20 subjects is shown in Table 35. The

summary results of Rosebury( 7 ) are shown in Table 57, Marples ( 8) in Table 58

and Burnett ( 2 3) in Table 59. A comparison of these was made and revealed inter-

esting differences between the resuLts of the present study and those of earlier

investigators. In comparing Rosebury's work (Table 57), the greatest difference

appeared to be that he recovered Pityrosporum ovale and mycobacterium from the

skin although these organisms were not isolated in the present study. In all other

respects, the two studies were in agreement. Marples ( 8 listed among the resi-

dents of the skin, Pityrosporum ovale and Mycobacterium smegmatis. These two

strains were not recovered from the 20 subjects of the present study. In addition,

gram negative bacilli and Staphylococcus aureus were considered by Marples to be

frequent visitors, but the results of the present study indicate that their occurrence

was frequent enough to give them indigenous status, as was the occurrence of

C. albicans, neisseria, gaffyka, sarcina, and certain species of strelococci.

Distribution of the indigenous microorganisms in man as presented by

Burnett (2 3 ) (Table 59) most closely approaches the microbial profiles of this

study.

9. Effect of Diet on Fecal Flora

One of the objectives of this experiment was to determine whether a

space type diet (fresh or dehydrated) affected the fecal flora of the young adult

males who subsisted solely on this type of diet for a 6-week period.
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Since the dietary periods delineated in the five runs under consider-

ation are relatively short in term, it is impossible to base conclusions on a cause-

effect relationship involving physical sym!tomology. For this reason, the types

of anaerobic bacteria -- "I . ',te ,.-.. -" e-xperlzetal period we'e com-

pared with those oredominantfi isnated in the ,tudy perfr-d fr A (19)

This comparison considered the in vitro vitamin production, deamination, and

decarboxylation activity of these cultures as well as their lactic acid production.

Although the relationship between the host ar I these strict anaerobes is not com-

pletely defined, their possible role in the body was considered to be a reflection

of their metabolic activities.

a. Vitamin Production

One of the characteristics of the predominating fecal anaerobes

is their ability to synthesize vitamins. The relationship between this ability and

the host has not been clearly defined, although as pointed out by Bell et al(24)I

"Vitamin K is also synthesized by the intestinal flora, in some patients deficiency

may be precipitated by the use of antibacterial agents. " In addition, the same

authors reported: '[t is likely that bacterial synthesis of vitamins especially

those of the B complex, in the lower alimentary tract is responsible for supplying

a substantial proportion of the daily requirements of riboflavin, nicotinic acid,

biotin, folic acid, and vitamin K." Additional importance is given to the acceptance

of the intestinal bacteria as vitamin sources by Morris (25)M "Many bacteria syn-

thesize vitamins in excess of their requirements and excrete the surplus into the

environment. Indeed the excretion of B vitamins by intestinal microorganisms,

coupled with autolytic liberation of vitamins from dead cells may furnish such a

large fraction of an animal t s vitamin supply that it is difficult to render the animal

deficient by mere dietary deprivation."

It is significant that the change in the predominating anaerobic

bacteria has, in some cases, seemingly resulted in a flora which will produce a

smaller amount of the vitamins (Table 50). In particular, the amount of B, 2

seemed to be significantly decreased in Experiment VII, as did the riboflavin in

Experiments V, VII, VIII, and IX. The niacin was significantly lower in Experi-

ments V, VII, VIII, and IX, while pantothenic acid production was diminished in
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Experiments V, VII, and VIII. Folic acid was markedly lower in Experiments

V, VII, VII, and IX. The vitamin production of FA-17, FA-18, and the GD series

has neveif bean determined, and it is possible that when they are predominant, they

at least partially fulfilled the function of tL. FA number they replaced.

In view of the reduction in intestinal vitamin synthesis during

the 6-week period attributable to the space-type diets (Table 35), it is considered

essential to focus greater attention on the maintenance of the normal flora for any

long-term space mission.

b. Ammonia Production

In any consideration of intestinal bacterial metabolisms, impor-

tance should be attached to the production of ammonia by bacterial degradation in

the colon. This ammonia production depends not only on the kinds of organisms

present in the gut, but also the nature of the substrate that reaches the lower in-

testine( 
"

) . At least 25% of the circulating urea is metabolized n the gastro-

intestinal tract2 )

Deamination, which is the result of bacterial action on the sub-

strate, occurs in the intestinal mucosa and is a recognized function of bacterial

physiology

In fact, Silen et al(28) showed that the large intestine is the

source of a considerable quantity of ammonia and that the amount of ammonia

normally delivered from the intestine to the blood may be reduced by oral admin-

istration of neomycin.

A comparison of the ability of the predominating flora in each

experiment to form NH3 would indicate that the predominating flora in Experiment

V had a much lower percentage ability to convert substrate to ammonia, as did

those predominates on Experiment VII, however, two of the predominates of this

experiment have not been studied for NIH3 conversion. This diminution of the

ability of the predominating flora to convert the substrate to ammonia could lead

to serious consequences or. long-term space missions.
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c. Decarboxylation of Amino Acids

Enzymatic decarboxylation of amino acids may have significant

effects on the human colon ecology, since the decarboxylation product of amino
'irmay ic.-h 'c , e. .--" .... 1- addition, potent vasoconstricting compounds

may be formed as byproducts of bacterial metabolism. The four amino acids

which commonly occur in humans and were used in screening the FA cultures

were lysine, histidine, tyrosine, and arginine; their corresponding amines are

cadaverme, histamine, tyramine, and agmatine, all of which are vasoconstrictors.

The delicate balance of the concentration of these naturally

occurring physiologically active substances (decarboxylators) in the digestive

tract may be upset by dietary restriction, resulting in the failure of bacteria to

remove toxic amines from the intestine. This is of particular importance in the

administration of certain drugs which inhibit the action of intestinal enzymes that

inactivate otherwise toxic amines. These drugs include Niamid 0, Morphan

Entonyl 1, Parnote Q and Nardil 0. Alone, these drugs may be beneficial,

but in association with foods high in amines, or in individuals whose intestinal

flora is not functioning properly, they may cause serious medical consequences(2 4 ).
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SECTION V

RECOMMENDATIONS

The study pointed out several areas requiring further investigation and areas

which merited more specialized research. For example, until the present study,

no particular significance had been attributed to the role of the predominating fecal

anaerobes in the maintenance of a favorable vitamin balance. Based upon this study,

the following major recommendations are made.

1, A complete microbiological screening of potential subjects should be insti-

tuted prior to confinement. This screening should include: (a) determination

of coagulase positive staphylococci strains from all body areas; (b) determin-

ation of possible presence of beta hemolytic streptococci; (c) determination

of possible presence of fungi, particularly in the foot or groin area; and (d)

the feces should be cultured at least twice to determine the presence of

potentially pathogenic members of the Enterobacteriaceae. This screening

would serve to ensure the health of the subject by eliminating any carriers

of potentially pathogenic organisms prior to the study.

2. Study the effect of various antibacterial agents such as BAC, pHiso-Hex ,

Safeguard @soap, on the skin flora of man. Do this by treating one portion

of the groin with the agent, and using only water or relatively pure soap on

the other portion of the groin. Ivory Usoap was used during the baseline

studies, however, any other comparable soap (i.e., nonperfumed and non-

medicated) would be acceptable. Follow both areas microbiologically. This

should be done in order to determine whether any particalar agent was more

desirable than the others tested.

3. Tr3 certain hygienic procedures (i.e., showers two times a day allowing

foam to dry on body) for one week prior to entry into the simulator to see

if this regimen substantially lowers total counts and for this reason proves

advantageous.
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4. Compare information recovered from a one-plate identification to that

recovered from the utse of varied mepdia andff qne plate 1ouiidL 1-3 I'

rather than four vlates, the culturing wculd be streamlined.

5. Determine the vitamin B production, the deaminating and decarboxyhating

activities of FA-17, FA-18, and the GD series in order tc evaluate their

function as members of the predominating anaerobic fecal population (which

seems to result from the space type diet). If certain types of diets cause a

substantial lowering of production of the B vitamin by bacteria, fortification

of the diet may be necessary. If the total deaminating and decarboxylating

activities of the predominates are radically changed, animal work should be

performed to more fully evaluate the effects of this shift in flora.

6. The identification of bacteria at the present time is a relatively long process

usually requiring the services of expert personnel. To monitor critical body

areas and environmental sites in space missions, a methodology must be

developed which will allow identification of the original culture by personnel

not highly trained in microbiology.

7. The predominating organisms found on the dermis are members of the

corynebacteria. The identification of many strains has been impossible and

additional research should support both their identification and the study of

strain characteristics in order to evaluate the presence of various strains

on or in particular body areas. It may develop that certain strains have

antibacterial properties against transient microorganisms- if this is true

no hygienic procedure should be used that will curtail the growth level of

these normal inhabitants.

8. Determine in vitro antaguistic properties of predominating anaerobes

against pctentially pathogenic members of Enterobacteriaceae. In the

delicately balanced fecal flora, certain pathogens seem to be held in check

by undetermined factors produced by other bacteria. Since the anaerobes

are present in the most significant numbers, it is logical to determine their

in vitro antagonistic properties.
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APPENDIX I

G-RA'Pffl COMPAIW3QN BETWEEN CORYNEBACTERIA AND STAPHYLO0COCCI
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TABLE 5. FREQUENCY OF AREA SAMPLING

Experiment Number

Body Area V* VI* VII* VIII* IX* 1Tote-*
Scalp 4 4 3 3 3 17

Ear 14 16 16 16 3 65

Eye 14 4 3 3 3 27

Nose 14 16 16 16 12 74

Gingival 12 12_

Mouth 4 16 16 16 52

Throat 14 16 16 16 12 74

Axilla 14 16 16 16 12 76

Forearm 4 4 3 3 3 17

Umbilicus 14 4 3 3 3 27
Groin 14 16 16 16 12 76

Glans penis 14 16 16 16 12 64

Anal fold 14 4 3 3 12 36

10 12

Feces (2) men (2) men 14 14 12+1 64-66
11 14

(2) men (2) men

Toes 4 4 3 3 12 26

Electrode area 2 3-1 5(6)

Room Areas

Tables

Fore 20-1 0 16 19 16 13 84

Aft 20 16 19 16 13 84

Floor PersonalHmnAra20 16 -19 16 13 ,84
Hygiene Are~a ______j 1

Bed 20 16 19 16 13 84

* 1 extra sample taken
* Numbers represent one man, for total experiment multiply by 4.

*, Totals should be multiplied by 20 for the total number of samples taken.
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